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Description
THE FIELD OF THE INVENTION

[0001] The present invention relates to a novel diagnosis maker for a cardiovascular disease comprising platelet-
derived microparticles.

BACKGROUND OF THE INVENTION

[0002] Platelet-derived microparticles (PDMPs) are released from platelets in association with platelet activation, the
contents of which include platelet granular proteins such as P-selectin, and various platelet surface membrane glyco-
proteins such as glycoprotein (GP)Ib/IX or GPIIb/llla’. PDMPs are not merely a marker for platelet activation but also
have pro-coagulant activity, and thereby, contribute to thrombus formation2. In addition, PDMPs participate in the in-
flammatory process as a mediator of platelet -leukocyte, leukocyte -endothelial cell or leukocyte -leukocyte interactions?.
PDMPs stimulate cytokine production and enhance the expression of cell adhesion molecules including leukocyte integrin
Mac-1 (CD11b/CD18, aMB2)3. Although PDMPs are usually determined by flow cytometry, circulating PDMPs are also
measured by enzyme-linked immunosorbent assay (ELISA) using two antibodies against the platelet membrane surface
glycoproteins, GPIb and GBIX4. Despite increased research activity on the characteristics of PDMPs, the clinical signif-
icance of the measurement of circulating PDMPs has not yet been established.

[0003] Percutaneous coronary intervention (PCl) produces significant inflammatory reaction in the injured vessel wall,
which triggers acute ischemic events and late restenosis®®. In the process of inflammation at the site of PCl-induced
injury, the activation of leukocytes, neutrophils as well as monocytes, and their interaction with platelets mediated by
cell adhesion molecules are known to play an important causative role in the development of restenosis. There is
increasing evidence that the interaction between platelets and leukocytes across an adherent layer of platelets precedes
diapedesis and the infiltration of inflammatory cells into the PCl-injured vessel wall, which is denuded of vascular en-
dothelial cells by balloon inflation or stenting?-%. Among various adhesion molecules, leukocyte Mac-1 is of particular
importance in the process of transplatelet migration. Mac-1 orchestrates the recruitment of leukocytes by binding to
platelet ligands, such as GPIba. 19, to promote firm adhesion at sites of vessel wall injury. Monoclonal antibody blockade
11 and the absence of Mac-1 12 reduce neointimal thickening after experimental angioplasty and stenting. The inventors
demonstrated previously that PCl-induced activation and up-regulation of Mac-1 on the surface of neutrophils reached
a maximum 48 hrs after PCl and was associated with restenosis’3-18

[0004] Since GPIlba, a platelet ligand for leukocyte Mac-1, is expressed on the surface of PDMPs, the inventors
hypothesized that circulating PDMPs could be linked to Mac-1 expressed on the surface of leukocytes, and could play
an important role in the process of inflammation associated with arteriosclerosis.

SUMMARY OF THE INVENTION

[0005] In the present invention, to establish the clinical significance of circulating PDMPs, the inventors evaluated
serial changes in the plasma concentration of PDMPs before and after PCI, and assessed the relation between PDMPs
and activation of Mac-1 on the surface of neutrophils in the post-PCl inflammatory process. The inventors alsoinvestigated
serial changes in high-sensitive C-reactive protein (hs-CRP) and activated Mac-1 on the surface of neutrophils. PDMPs,
hs-CRP and activated Mac-1 increased after coronary stenting in a time-dependent manner. These changes were less
striking in the peripheral blood. The value of PDMPs was correlated with hs-CRP levels and the relative increase in
activated Mac-1 in coronary sinus blood after coronary stenting. The PDMP values, hs-CRP levels and relative increase
in activated Mac-1 after coronary stenting were all associated with angiographic late lumen loss.

[0006] These results suggest that coronary stenting enhanced circulating PDMPs in association with an inflammatory
response in the injured vessel wall. PDMPs may be a useful marker for evaluation of stent-induced inflammatory status
and a sound surrogate marker for activated Mac-1. Furthermore, PDMPs may be also useful marker for inflammation-
related cardiovascular diseases such as atherosclerosis.

[0007] Inone aspectofthe invention, a novel diagnosis marker for the cardiovascular disease stable angina comprising
platelet-derived microparticles is provided.

[0008] In another aspect of the invention, it is provided that a method for diagnosing a stable angina in a subject with
symptoms of stable angina or suspected of having stable angina, wherein said method comprises:

(a) reacting an antibody to platelet-derived microparticles or a fragment thereof with a biological sample from said
subject;

(b) detecting a presence or an absence of the platelet-derived microparticles or a fragment thereof in said sample; and
(c) diagnosing stable angina in said subject having said symptoms when said platelet-derived microparticles or a
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fragment thereof are detected in said sample.

[0009] In a further aspect of the invention, it is provided that a method for evaluating prognosis of stable angina in a
subject with symptoms of stable angina or suspected of having stable angina, wherein said method comprises:

(a) reacting an antibody to platelet-derived microparticles or a fragment thereof with a.biological sample from said
subject;

(b) detecting a presence or an absence of the platelet-derived microparticles or a fragment thereof in said sample; and
(c) evaluating prognosis of stable angina in said subject having said symptoms when said platelet-derived micro-
particles or a fragment thereof are detected in said sample.

[0010] In another aspect of the invention, it is provided that a method for evaluating whether stable angina has pro-
gressed in a patient having symptoms of said disease and already diagnosed as having said disease, wherein said
method comprises:

(a) reacting an antibody to platelet-derived microparticles or a fragment thereof with a biological sampler from said
patient;

(b) detecting a presence or an absence of the platelet-derived microparticles or a fragment thereof in said sample; and
(c) evaluating that said stable angina has progressed in said subject when said platelet-derived microparticles or a
fragment thereof are detected in said sample.

[0011] Inthe above methods, said sample may be selected from the group consisting of blood, serum, cell and tissue.
In above methods, said cardiovascular disease is stable angina

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1. Serial changes in circulating levels of PDMPs (right), plasma hs-CRP level (mid) and MFI for 8B2 binding
onthe surface of neutrophils (left). These 3 parameters increased in a time-dependent manner after coronary stenting
reaching a maximum of 48 hours. The changes were more striking in coronary sinus than peripheral blood.
Figure 2. Correlation between PDMPs level at 48 hr and hs-CRP levels at 48 hr, or relative increase in 8B2 binding
at 48 hr versus baseline in the coronary sinus. The PDMPs were positively correlated with hs-CRP and more closely
correlated with the increase in 8B2 binding.

Figure 3. Associations of PDMPs level at 48 hr, hs-CRP level at 48 hr, and the relative increase in 8B2 binding at
48 hr with angiographic late lumen loss. Using the median values of PDMPs (26 wg/ml), hs-CRP (1.3 mg/dl) and
the relative increase in 8B2 binding (130 %), patients were divided into two groups for each parameter. The high-
value group included values > than the median while the low-value group included values < than the median.
Angiographic late lumen loss was greater in the high-value group than in the low-value group for each parameter.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention relates to a novel diagnosis marker for the cardiovascular disease stable angina com-
prising latelet-derived microparticles.

[0014] Inflammation as well as platelet activation at the site of local vessel-wall injury plays an essential role in the
mechanism of restenosis after percutaneous coronary intervention (PCI). Platelet-derived microparticles (PDMPs) re-
leased from activated platelets are thought to play a role in the inflammatory process, interacting with leukocyte integrin
Mac-1.

[0015] The present inventors serially measured circulating PDMPs by ELISA in 35 patients undergoing coronary
stenting. Inventors also investigated serial changes in high-sensitive C-reactive protein (hs-CRP) and activated Mac-1
on the surface of neutrophils. PDMPs, hs-CRP and activated Mac-1 increased after coronary stenting in a time-dependent
manner with the maximum response at 48 hr in coronary sinus blood (PDMPs: 10.2=5.7 to 30.4+=14.6 U/ml; P<0.001,
hs-CRP:0.26£0.22t0 1.51+0.88 mg/dl; P<0.001, activated Mac-1, 138 =17% relative increase, P<0.001). These chang-
es were less striking in the peripheral blood. The value of PDMPs was correlated with hs-CRP levels (R=0.58, P<0.001)
and the relative increase in activated Mac-1 (R=0.69, P<0.001) in coronary sinus blood 48 hrs after coronary stenting.
The PDMP values, hs-CRP levels and relative increase in activated Mac-1 at 48 hr after coronary stenting were all
associated with angiographic late lumen loss.

[0016] These results suggest that coronary stenting enhanced circulating PDMPs in association with an inflammatory
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response in the injured vessel wall. PDMPs may be a useful marker for evaluation of stent-induced inflammatory status
and a sound surrogate marker for activated Mac-1.

[0017] Platelet-derived microparticles (PDMP(s)) refer to microparticles released from platelets in association with
platelet activation, the contents of which include platelet granular proteins such as P-selectin, and various platelet surface
membrane glycoproteins such as glycoprotein (GP)Ib/IX or GPIlb/llla’. PDMPs are not merely a marker for platelet
activation but also have pro-coagulant activity, and thereby, contribute to thrombus formation2. In addition, PDMPs
participate in the inflammatory process as a mediator of platelet -leukocyte, leukocyte -endothelial cell or leukocyte
-leukocyte interactions!. PDMPs stimulate cytokine production and enhance the expression of cell adhesion molecules
including leukocyte integrin Mac-1(CD11b/CD18, aMp2)3. Although PDMPs are usually determined by flow cytometry,
circulating PDMPs are also measured by enzyme-linked immunosorbent assay (ELISA) using two antibodies against
the platelet membrane surface glycoproteins, GPlb and GBIX4.

[0018] In the present invention, the inventors demonstrated that circulating levels of PDMPs, hs-CRP levels, and 8B2
binding on the surface of neutrophils increased in a time-dependent manner after coronary stenting with the maximum
increase at 48 hr. Furthermore, these changes were more striking in the coronary sinus than in the peripheral blood and
the PDMP levels at 48 hr were correlated with the hs-CRP levels at 48 hr and more closely with increase in 8B2 binding
at 48 hr versus baseline in the coronary sinus. In addition, these three parameters were associated with angiographic
late lumen loss (i.e., neo-intimal thickening after coronary stenting). These results indicated that the PDMPs increased
in the coronary circulation, and were associated with Mac-1 activation on the surface of neutrophils in relation to stent-
induced inflammatory response, possibly at sites of PCl-induced injury.

[0019] Detectionfor adiagnosis of stable angina or an evaluation of prognosis or progress of stable angina is performed
by immunologic assays using antibodies to PDMPs or a fragment thereof and samples from subjects in need of such
diagnosis. Thus the method of the invention includes methods that detect PDMPs in a sample, for example, in a non-
specific manner or in a specific manner, and then detecting such non-specific or specific binding.

[0020] The above examples of methods are not the only methods by which one skilled in the arts of medicine, micro-
biology, and immunology may use the invention. Any method that allows determination of an interaction of the immune
system with PDMPs in a sample is useful in the method of the invention.

[0021] According to the method of the invention, a diagnosis of stable angina in a patient suspected of having such
disease, or an evaluation of the severity or progression of stable angina in a patient already diagnosed as having the
same, is made by detecting an immune response against PDMPs in a sample from the patient in need of such diagnosis.
When it is desired to detect PDMPs, generally and preferably, PDMPs in the patient's sample are detected.

[0022] The detection of PDMPs can be performed by directly detecting the binding of such antibodies to PDMPs.
Alternatively, the detection of antibodies that bind to PDMPs can be performed by indirectly detecting the binding of
such antibodies to PDMPs.

[0023] The term "antibodies" in meant to include both the native antibodies, and biologically active derivatives of
antibodies, such as, for example, Fab’, F(ab’), or Fv as well as single-domain and single-chain antibodies. A biologically
active derivative of an antibody retains the ability to bind an antigen.

[0024] The PDMPs in the patient’s sample, and especially in blood, serum, cell or tissue sample, can be detected in
immunoassays wherein the PDMPs can be utilized in liquid phase or bound to a solid phase carrier. The preferred
immunoassays for detecting PDMPs using the methods of this invention include radioimmuno-assays, enzyme-linked
immunosorbent assays (ELISA), or other assays known in the art, such as immunofluoscent assays, chemiluminescent
assays, or bioluminescent assays. The preferred immunoassay for detecting the PDMPs is ELISA assay.

Circulating PDMPs as a Marker of Platelet Activation

[0025] PDMPs have been widely measured by flow cytometry and investigated extensively. Although the significance
of elevated PDMP levels remains controversial, many clinical disorders are associated with elevated PDMP levels 1, 2,
21-24. Elevated PDMPs are observed in patients with acute coronary syndrome (ACS) in relation to platelet activation 23.
Gawaz et al. 24 examined various aspects of platelet activation in patients with acute myocardial infarction undergoing
direct PCl and demonstrated that PDMPs were significantly enhanced after PCI. However, PDMPs measure by ELISA,
as in the present invention, may have different clinical features from those detected by flow cytometry. Nomura et al 26
observed serial changes in PDMPs measured by ELISA after PCl in ACS patients and demonstrated that PDMP levels
decreased significantly 4 days after PCI. Their results are contrary to ours that showed increased PDMPs with the
maximum increase 48 hr after PCI. This discrepancy may be attributed to differences in the present invention populations.
The study by Nomura et al. selected only ACS patients whose platelets had already been activated before PCI and the
activation status was stabilized 4 days after PCI, while the present invention included patients with stable angina alone
without platelet activation at baseline before PCI. The time course of PDMP changes that inventors observed indicated
that stable platelets were activated by PCI with the maximum activation at 48 hr, which is consistent with the time course
of P-selectin changes post-PCI that has been previously reported by us as well as others.
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A Role for PDMPs in the Post-PCl Inflammatory Process

[0026] The activation of leukocytes, neutrophils and monocytes is known to play an important causative role in the
post-PCl inflammatory process that leads to the development of restenosis 27-30, Activated leukocytes transmigrate and
infiltrate into the PCl-injured vessel wall and produce various cytokines, growth factors, free radicals, and proteolytic
enzymes, leading to neointimal thickening and restenosis. At the PCl-injured vessel wall, which is denuded of vascular
endothelial cells by balloon inflation or stenting, platelets first adhere to the vessel surface and the platelet layer is formed.
Leukocytes adhere to the platelet layer and then migrate into the vessel wall-namely, transplatelet leukocyte
migration. 931,32 |n the process of transplatelet leukocyte migration, platelet surface P-selectin binds to P-selectin
glycoprotein ligand (PSGL)-1 on the surface of leukocytes and mediates the rolling attachment of leukocytes with the
platelet layer. 33, 34 In addition, subsequent firm adhesion of leukocytes is mediated by Mac-1, which is expressed on
activated leukocytes and binds to ligands such as fibrinogen 9: 33, GPIba!9, intercellular adhesion molecules (ICAM)-
29, or junctional adhesion molecules (JAM)-3 35. Among these platelet ligands for Mac-1 binding, Simon et al. especially
focused on GPIba as the most important ligand in the mechanism of transplatelet leukocyte migration in the vessel wall
injured by PCI. Evangelista et al. 33. 34 demonstrated in-vitro that the binding of P-selectin to PSGL-1 triggers tyrosine
kinase-dependent signaling that leads to functional up-regulation or activation of Mac-1. In this way, an adhesion cascade
appears to occur with considerable crosstalk between P-selectin and Mac-1 in the process of platelet-leukocyte
interaction. 9 33 Moreover, Forlow et al. 36 reported that P-selectin-expressing PDMPs bind to leukocytes that express
PSGL-1, suggesting that PDMPs can mediate leukocyte-leukocyte interaction leading to leukocyte aggregation and
accumulation at the injured surface of the vessel surface, especially when the number of PDMPs increased. Thus, the
measurement of PDMPs may be useful for investigating this pathophysiological process. In addition, in the PDMP ELISA
assay system, the inventors used an antibody against GPIba: for detecting PDMPs#. Considering that GPIba. is the key
ligand for Mac-1 in transplatelet leukocyte migration, PDMPs detected by ELISA may be a surrogate for leukocyte Mac-
1 activity. Our clinical finding of a close correlation between PDMPs at 48 hr and the increase over baseline in activated
Mac-1 on the surface of neutrophils at 48 hr supports this hypothesis.

Potential Limitations

[0027] The present invention has several potential limitations. Although PDMPs are not the only products of platelet
activation but also their own function such as procoagulant activity and participants in the inflammatory process as a
mediator of platelet-leukocyte interaction, circulating PDMPs detected by ELISA assay are likely to be a residue of
activated PDMPs that adhere to leukocytes. 4 Therefore, assigning a pathophysiological role to PDMPs in the vascular
injury, inflammation and repair response remains speculative, but highly likely in light of our observations showing the
relationship between PDMPs, CRP, and Mac-1 activity after PCI or the relationship between those and angiographic
late lumen loss. Furthermore, PDMPs, easily measured by ELISA, may serve as a useful surrogate of activated Mac-1
that can only be measured with a complex technique such as flow cytometry.

Clinical Implications: Conclusion

[0028] Restenosis, the most significant problem with PCI, has been markedly reduced since the introduction of coronary
stents. Recent advances in drug-eluting stents have further reduced the restenosis rate to less than 10%. However,
even drug-eluting stents are not perfect and have several serious problems such as long-term prognosis or late incomplete
apposition. Thus, the issue of restenosis has not been completely resolved and the inventors should continue to develop
approaches to further reduce restenosis.

[0029] Recent chemical, biological or pharmacological approaches to prevent restenosis include two strategies, an
"anti-proliferative’ strategy and an 'anti-inflammatory’ strategy. Most novel approaches for reducing restenosis, including
newly developed drug-eluting stents, have employed an ’anti-proliferative’ strategy. For further restenosis reduction, the
inventors have proposed an 'anti-inflammatory strategy’, which appears to be a rational therapeutic strategy for preventing
restenosis. In addition, the inventors can envision a significant clinical advantage of Mac-1-guided therapy for reducing
restenosis, in which PDMPs measured by ELISA would serve as a sound surrogate marker for activated Mac-1.

EXAMPLES
Methods
Sample Preparation

[0030] The subjects included 35 patients with atherosclerotic coronary artery disease who underwent single elective
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coronary stent implantation for a proximal left anterior descending artery (LAD) lesion. The patients’ characteristics are
shown in Table 1. To reduce the heterogeneity of the population, the inventors excluded patients with poorly-controlled
diabetes mellitus, hypertension or hyperlipidemia, or with a systemic inflammatory reaction as shown by a baseline CRP
> 1.5 mg/dL. All of the patients received standard daily oral medications for angina, including 81 mg of aspirin, and none
of these medications were discontinued or exchanged during PClI or the post-PClI follow-up period. The patients received
200 mg of daily oral ticlopidine 2 days before PCI as a specific post-stent anti-platelet regimen and this therapy was
continued for one month after PCI. Coronary stent implantation was performed using the standard Judkins technique
from a femoral approach. Intravenous heparin was administered to maintain an adequate activated clotting time (ACT)
during the procedure and for 48 hrs after PCI. Follow-up angiography was recommended for all patients at 6 months
after angioplasty, and was performed earlier if clinically indicated. Coronary lesions were assessed by quantitative
coronary angiographic (QCA) measurements and late lumen loss (minimal lumen diameter after PCI minus minimal
lumen diameter at follow-up angiography) was calculated as an index of neointimal thickening. Prior to PCI, a coronary
sinus catheter was positioned in the coronary sinus and left for 48 hr after the procedure for coronary sinus blood
sampling. Coronary sinus blood as well as peripheral blood was collected before PCI and 15 min after, 24 hr after, and
48 hr after coronary stenting. Whole blood was immediately collected into tubes containing acid citrate dextrose (ACD),
ethylene diaminetetraacetate (EDTA), or both (ACD/EDTA). The study protocol was approved by the local institutional
review board, and written informed consent was obtained from each patient.

Laboratory Measurements

[0031] The ACD/EDTA blood was centrifuged at 5000 X g for 20 min, plasma was withdrawn and stored at -80°C
until assay. The assay for circulating PDMPs was performed using enzyme-linked immunosorbent assay (ELISA), as
previously reported.4 Briefly, 50 | of samples or standard were added to each well of 96-well microtiter plates coated
with antibody against platelets and GPXI (MKP-9) and incubated for 18 hrs at 25°C on a plate shaker (200 rpm). Plates
were washed 3 times with 350 wl/well of buffer (0.05% Tween 20 in PBS). Fifty .l of biotinylated antibody against platelet
GPlba (NNKY5-5) (0.2 pl/mlin 1% nonfat milk/PBS) was added to each well and incubated for 2 hrs at 25°C on a plate
shaker. After each well was washed 3 times with 350 pl of bluffer, 50 wl of peroxidase-conjugated avidin (diluted 1:
20000 in 1 % nonfat dry milk, PBS; Vector Laboratories, Burlingame, CA) was added to each well and incubated for 2
hrs at 25°C on a plate shaker. Each well was subsequently washed 3 times with 350 .l of buffer and then incubated
with 100 wl peroxidase substitute solution (ScyTek, Logan, UT) for 20 min at room temperature. After this incubation,
stop solution (SkyTec) was added to each well, and the absorbance was measured with an ELISA reader at 450 nm.
[0032] The EDTA blood was centrifuged at 1,500 X g for 15 min at room temperature for the measurement of high-
sensitive (hs)-CRP. The plasma was frozen and stored at -80°C until analysis. The hs-CRP level was measured by
particle-enhanced technology on the Behring BN Il nephelometer (Dade Behring Inc., Newark, DE) 9. This assay used
monoclonal anti-CRP antibodies and a calibrator that was also traceable to WHO Reference Material.

[0033] The ACD whole blood was used for flow cytometric analysis for expression of activation-dependent neoepitope
of Mac-1 on the surface of neutrophils. The inventors used a purified monoclonal antibody, 8B2 (provided by Dr. Thomas
Edgington, Department of Immunology, The Scripps Research Institute, La Jolla, CA), with a high sensitivity and specificity
for the recognition of the activation-dependent neo-epitope of Mac-11820. Purified mouse immunoglobulin (Ig) G1 was
also used as an isotype-negative control. The fluorescein-conjugated second-step reagents for indirect immunofluores-
cence were fluorescein isothiocyanate (FITC)-conjugated F(ab’)2 fragment of anti-mouse IgG goat immunoglobulins
(Dako, Glostrup, Denmark). Indirect immunofluorescence labeling was performed on whole blood incubated with 8B2
(100mg/ml). Then, the flow cytometric analysis for 8B2 binding (activated Mac-1) was performed using an EPICS XL
flow cytometer (Coultronics, Sunnyvale, CA). Mean channel fluorescence intensity (MFI) was calculated as an index of
activated Mac-1 on the surface of neutrophils.

Statistical Analysis

[0034] Values were expressed as the mean = SD. In both studies, inter-group comparisons were performed using
Student’s unpaired t test for continuous variables. Serial changes in the variables were evaluated by repeated measures
analysis of variance (ANOVA), for intra- and inter-group comparisons. Correlations between two parameters were as-
sessed using simple linear regression. P<0.05 was considered to be significant.

Results

Patients’ Characteristics and Baseline Values Before Coronary Stenting

[0035] Baseline circulating PDMPs, hs-CRP and MFI for 8B2 binding before PCI in the peripheral blood was inde-
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pendent of age, gender, the presence of multivessel disease, coronary risk factors, or medications possibly affecting
inflammation such as statins or angiotensin receptor blockers (Table 2).

Serial Change in Circulating PDMPs, hs-CRP Levels, and Activated Mac-1 on the Surface of Neutrophils After
Coronary Stenting

[0036] Serial changes in circulating levels of PDMPs were observed. Although no change was evident 15 min after
stenting, an increase was noted after 24 hr in both coronary sinus and peripheral blood. The maximal increase was seen
at 48 hr (coronary sinus: 10.2x5.7 to 30.4=14.6 U/ml, P<0.001; peripheral blood: 8.86.2 to 22.68.4 U/ml, P<0.001).
The changes were more striking in coronary sinus blood than in peripheral blood (P<0.05) (Fig. 1, left).

[0037] The plasma hs-CRP levels also increased after coronary stenting from baseline values in the same manner
as the PDMPs, reaching a maximum at 48 hrs in both coronary sinus blood (0.26+0.22 to 1.51+0.88 mg/dIl, P<0.001)
and peripheral blood (0.22+0.21 to 1.22+0.49 mg/dl, P<0.001). The changes in hs-CRP levels were also more striking
in coronary sinus blood than in peripheral blood (P<0.05) (Fig.1, mid).

[0038] The MFI for 8B2 binding (i.e., expression of Mac-1 activation neoepitope on the surface of neutrophils) began
to increase 15 min after coronary stenting and reached a maximum at 48 hr in both coronary sinus and peripheral blood.
The relative increases compared to baseline at 15 min, 24 hr and 48 hr in coronary sinus blood were 108+12% (P<0.05),
119+11% (P<0.01) and 138=17% (P<0.001), respectively. The increases in peripheral blood were 106-8% (NS),
114+8% (P<0.05) and 127+=12% (P<0.01), respectively. The change in 8B2 binding capacity was also more striking in
coronary sinus blood than in peripheral blood (P<0.05) (Fig.1, right).

The Relation Between PDMPs, hs-CRP and Activated Mac-1 at 48 hr

[0039] The circulating PDMPs at 48 hr were positively correlated with hs-CRP levels at 48 hr (r=0.58, P<0.001) and
more closely correlated with the relative increase in 8B2 binding on the surface of neutrophils at 48 hr compared to
baseline (r=0.69, P<0.00) in coronary sinus blood (Fig. 2).

The Relation Between Late Lumen Loss and PDMPs, hs-CRP and Activated Mac-1 at 48 hr

[0040] Using the median values of PDMPs (26 U/ml), hs-CRP (1.3 mg/dl) and the relative increase in 8B2 binding
(130 %) at 48 hr in all of the patients, the patients were divided into two groups for each parameter. The high-value
group included values > than the median while the low-value group included values < than the median. Angiographic
late lumen loss was greater in the high-value group than in the low-value group for PDMPs (1.22+0.67 vs 0.62+0.64
mm, P<0.05), hs-CRP (1.260.71 vs 0.49+0.95 mm, P<0.05) and the increase in 8B2 binding (1.42+0.39vs 0.44+0.76
mm, P<0.05) (Fig. 3).

Table 1 Patients’ Characteristics

Age 44-75 (62=8)
Men/Women 27/8
SVD/MVD 18/17

30 (86%)
Smoking 8 (23%)
Diabetes 21 (60%)
Hypertension 167-262 (207+28)

Total Cholesterol (mg/dl)  51-504 (171=115)
22-86 (50=16)

Triglyceride (mg/dl) 90-194 (128+30)

HDL-cholesterol (mg/dl) 10 (29%)
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(continued)

LDL-cholesterol (mg/dl) 4 (11%)
18 (51%)

AP, angina pectoris; OMI, old myocardial
infarction; SVD, single vessel coronary artery
disease; MVD, multi-vessel coronary artery
disease; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; ACEI, angiotensin
converting enzyme inhibitor; and ARB,
angiotensin receptor blocker.




e}

g & S & 8 % S 5 3
Table 2 Patients’ Characteristics and Baseline Values

Patients PDMP (U/mJ) hs-CRP (mg/dl) MFI for 8B2 (X 102)

Yes/no Yes No P Yes No P Yes No P
Age > 63 18/17 9.4+6.3 82+74 NS 0.22+0.33 0.22+0.36 NS 1.22*+0.35 1.22+0.31 NS
Male gender 27/8 9.2+5.8 75+6.8 NS 0.22+0.28 0.33+0.34 NS 1.24+032 1.15+0.64 NS
MVD 17/18 9.2+6.7 83+t74 NS 024+0.34 0.30+0.38 NS 1.23+0.24 1.21+0.31 NS
Smoking 30/5 8.8+5.9 88+64 NS 0.23+021 0.16x0.62 NS 1.22+0.34 1.22+0.21 NS
Diabetes 8/27 9.8+8.4 85+59 NS 0.29+048 0.20=0.16 NS 1.23x042 1.22+024 NS
Hypertension 21/14 8.8+6.4 8772 NS 0.22+030 0.22+025 NS 1.20=042 1.25+044 NS
LDL-cholesterol >140mg/dI 10/25 9.0+4.8 87+t74 NS 0.24+028 0.31+0.38 NS 1.25*+0.35 1.21+0.38 NS
Statin 10/25 8.6+5.8 89+8.2 NS 0.20+0.39 0.13+0.18 NS 1.20+0.64 1.23+0.25 NS
ACEI 4/31 75+11.2 9.0x64 NS 0.32+0.52 021022 NS 1.24+0.34 1.22+0.24 NS
ARB 18/17 8.6+6.2 89+x66 NS 021+x0.32 0.23x024 NS 1.20x0.27 1.24=0.34 NS

PDMP, platelet-derived microparticle: hs-CRP. high-sensitive C-reactive protein; MFi, mean channel fluorescence intensity; NS, not significant;
MVD, multivessel disease.
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Claims

A method for diagnosing stable angina in a subject with symptoms of stable angina or suspected of having stable
angina, wherein said method comprises:

(a) reacting an antibody to platelet-derived microparticles or a fragment thereof with a biological sample from
said subject;

(b) detecting a presence or an absence of the platelet-derived microparticles or a fragment thereof in said
sample; and

(c) diagnosing stable angina in said subject having said symptoms when said platelet-derived microparticles or
a fragment thereof are detected in said sample.

2. A method for evaluating prognosis of stable angina in a subject with symptoms of stable angina or suspected of

having stable angina, wherein said method comprises:

(a) reacting an antibody to platelet-derived microparticles or a fragment thereof with a biological sample from
said subject;

(b) detecting a presence or an absence of the platelet-derived microparticles or a fragment thereof in said
sample; and

(c) evaluating prognosis of stable angina in said subject having said symptoms when said platelet-derived
microparticles or a fragment thereof are detected in said sample.

3. A method for evaluating whether stable angina has progressed in a patient having symptoms of said disease and

already diagnosed as having said disease, wherein said method comprises:

(a) reacting an antibody to platelet-derived microparticles or a fragment thereof with a biological sample from
said subject;

(b) detecting a presence or an absence of the platelet-derived microparticles or a fragment thereof in said
sample; and

(c) evaluating that stable angina has progressed in said subject when said platelet-derived microparticles or a
fragment thereof are detected in said sample.

4. The method according to any one of claims 1 to 3, wherein said sample is selected from the group consisting of

blood, serum, cell and tissue.

11



10

15

20

25

30

35

40

45

50

55

EP 1 851 541 B1

5. Use of an antibody to platelet-derived microparticles in a method as claimed in any one of the preceding claims.

Patentanspriiche

1. Verfahren zum Diagnostizieren von stabiler Angina bei einem Subjekt mit Symptomen von stabiler Angina oder mit
Verdacht, stabile Angina zu haben, wobei das Verfahren umfasst:

(a) Umsetzen eines Antikdrpers gegen von Thrombozyten stammende Mikropartikel oder ein Fragment davon
mit einer biologischen Probe von dem Subjekt;

(b) Detektieren des Vorliegens oder der Abwesenheit der von Thrombozyten stammenden Mikropartikel oder
eines Fragments davon in der Probe und

(c) Diagnostizieren von stabiler Angina bei dem Subjekt, das die Symptome hat, wenn die von Thrombozyten
stammenden Mikropartikel oder ein Fragment davon in der Probe detektiert werden/wird.

2. Verfahren zur Evaluierung der Prognose von stabiler Angina bei einem Subjekt mit Symptomen von stabiler Angina
oder mit Verdacht, stabile Angina zu haben, wobei das Verfahren umfasst:

(a) Umsetzen eines Antikdrpers gegen von Thrombozyten stammende Mikropartikel oder ein Fragment davon
mit einer biologischen Probe von dem Subjekt;

(b) Detektieren des Vorliegens oder der Abwesenheit der von Thrombozyten stammenden Mikropartikel oder
eines Fragments davon in der Probe und

(c) Evaluieren der Prognose von stabiler Angina bei dem Subjekt, das die Symptome hat, wenn die von Throm-
bozyten stammenden Partikel oder ein Fragment davon in der Probe detektierte werden/wird.

3. Verfahren zur Evaluierung, ob stabile Angina fortgeschritten ist, bei einem Patienten, der Symptome der Krankheit
hat und bei dem bereits diagnostiziert wurde, dass er die Krankheit hat, wobei das Verfahren umfasst:

(a) Umsetzen eines Antikdrpers gegen von Thrombozyten stammende Mikropartikel oder ein Fragment davon
mit einer biologischen Probe von dem Subjekt;

(b) Detektieren des Vorliegens oder der Abwesenheit der von Thrombozyten stammenden Mikropartikel oder
eines Fragments davon in der Probe und

(c) Evaluieren, dass die stabile Angina bei dem Patienten fortgeschritten ist, wenn die von Thrombozyten
gewonnenen Partikel oder ein Fragment davon in der Probe detektiert werden/wird.

4. Verfahren gemaR einem der Anspriiche 1-3, wobei die Probe aus der Gruppe, bestehend aus Blut, Serum, Zelle
und Gewebe, ausgewahlt ist.

5. Verwendung eines Antikorpers gegen von Thrombozyten stammende Partikel in einem Verfahren, wie es in einem
der vorangehenden Anspriiche beansprucht ist.

Revendications

1. Procédé permettant de diagnostiquer un angor stable chez un sujet présentant des symptdomes d’angor stable ou
suspecté d’étre atteint d’angor stable, lequel procédé comporte les étapes suivantes :

a) faire réagir, avec un échantillon biologique provenant dudit sujet, un anticorps dirigé contre des microparticules
dérivées des plaquettes ou un fragment de ces microparticules ;

b) détecter la présence ou I'absence de microparticules dérivées des plaquettes, ou d’'un fragment de ces
microparticules, dans ledit échantillon ;

c) et établir le diagnostic d’angor stable chez ledit sujet présentant lesdits symptémes, quand lesdites micro-
particules dérivées des plaquettes, ou un fragment de ces microparticules, sont détectés dans ledit échantillon.

2. Procédé permettant d’évaluer le pronostic d’angor stable chez un sujet présentant des symptdémes d’angor stable
ou suspecté d’étre atteint d’angor stable, lequel procédé comporte les étapes suivantes :

a) faire réagir, avec un échantillon biologique provenant dudit sujet, un anticorps dirigé contre des microparticules
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dérivées des plaquettes ou un fragment de ces microparticules ;

b) détecter la présence ou I'absence de microparticules dérivées des plaquettes, ou d’'un fragment de ces
microparticules, dans ledit échantillon ;

c) et évaluer le pronostic d’angor stable chez ledit sujet présentant lesdits symptdémes, quand lesdites micro-
particules dérivées des plaquettes, ou un fragment de ces microparticules, sont détectés dans ledit échantillon.

3. Procédé permettant d’évaluer s'’il y a eu ou non progression d’un angor stable chez un sujet présentant des symp-
tdmes de cette maladie et chez lequel cette maladie a déja été diagnostiquée, lequel procédé comporte les étapes
suivantes :

a) faire réagir, avec un échantillon biologique provenant dudit sujet, un anticorps dirigé contre des microparticules
dérivées des plaquettes ou un fragment de ces microparticules ;

b) détecter la présence ou I'absence de microparticules dérivées des plaquettes, ou d’un fragment de ces
microparticules, dans ledit échantillon ;

c) et établir que I'angor stable a progressé chez ledit sujet, quand lesdites microparticules dérivées des pla-
quettes, ou un fragment de ces microparticules, sont détectés dans ledit échantillon.

4. Procédé conforme a I'une des revendications 1 a 3, dans lequel ledit échantillon est choisi dans I'ensemble formé
par du sang, du sérum, des cellules et un tissu.

5. Utilisation d’'un anticorps dirigé contre des microparticules dérivées des plaquettes dans un procédé conforme a
I'une des revendications précédentes.
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